etween 1978 and 1986, 59 patients received a GSB III elbow prosthesis, six of them in both elbows. Rheumatoid arthritis (RA) was the underlying cause in 51 of the patients and post-traumatic osteoarthritis (PTOA) in eight. Of these, 24 patients (28 prostheses) have since died; two, both operated on bilaterally, had had their implants for more than ten years and had already been assessed for inclusion in the long-term follow-up. Two patients, each with one elbow prosthesis, have been lost to follow-up and three males who are still living (two with PTOA, one with juvenile RA) had their prosthesis removed before ten years had elapsed.
The outcome of every artificial joint replacement is evaluated for pain relief and functional improvement and also for the duration of this success. The last factor is critical since more young patients undergo joint replacement and revision surgery, particularly with the exchange of a prosthesis, has many technical problems with a reduced prospect of success.
Replacement arthroplasty of the elbow is not a common operation. The number has increased in the last ten years, and the results are improving, but the percentage of complications and revisions reported in the literature is higher than for the hip, knee and shoulder. An analysis of the most relevant literature on elbow arthroplasty published between 1987 and 1997 shows a mean period of follow-up of 4.9 years (0.25 to 17) and few of these studies had uninterrupted and complete series.
Our aim was to analyse the long-term results of a consecutive series of patients with the GSB III elbow prostheses implanted for more than ten years.
Patients and Methods
The requirements of a good elbow prosthesis are: 1) optimum adaptation of the implant to the physiological requirements; 2) unobstructed flexion and extension; 3) lateral stability; 4) construction from biomechanically accepted materials; and 5) minimum bone resection to enable greater choice if revision is needed.
Our experience with the GSB I elbow prosthesis began in 1971. At that time all rigid hinge joints showed a high rate of loosening. As a result of an analysis of their mode of failure 36 (Figs 1a to 1c) the GSB III elbow prosthesis was developed (Allo Pro AG, Baar, Switzerland). It has essentially remained unchanged and has been in clinical use since 1978. The humeral component of the implant is adapted as closely as possible to the normal anatomy. It has large surfaces for support on the condyles and a wide stem for transference of rotational stress. The oval, loose-link connection between the ulna and humerus allows an angle of 5° for abduction and adduction and rotational movement. All articulating surfaces are coated with polyethylene, including the peg in the rotation casing of the humeral section and the ulnar peg within the hinge casing. The 'plug-in' non-constrained clearance of the ulnar component and the mobile rotation casing give flexible stability. The extensive surface support from the humeral condyles and the broad intramedullary stems help to distribute loads evenly. The clearance between the humerus and the ulna ameliorates even strong traction forces, such as those created during heavy lifting. The capsular and ligamentous apparatus contributes to stability. 37, 38 Thus, the two main causes of loosening are greatly reduced. The artificial joint theoretically allows hyperextension of approximately 10°a nd has a range of movement through 180°. The metal components which are exposed to torsion and flexion are constructed from Protasul-10 alloy resistant to fatigue-fracture 39 and the components which are potentially subject to movement fatigue are made of wear-resistant cast alloy Protasul-2. 39 Both parts of each prosthesis are welded together. The polyethylene cases are made of Sulene-PE. 40 The GSB III elbow prosthesis has three humeral sizes and four ulnar components all of which can be freely combined with each other. Operative technique. The anaesthetised patient is placed in a lateral position on the table with the arm under tourniquet at a right angle on a padded support. A dorsal skin incision is made passing the olecranon on its radial side; a thick flap is raised towards the medial side exposing the triceps tendon. The ulnar nerve is then mobilised from proximal to distal as far as the first muscular branch distal to the sulcus. Care is taken not to injure the accompanying vessels. The triceps tendon is split centrally over a distance of 7 cm and elevated, with a thin layer of bone from the olecranon (Fig. 2) . The medial side of the humeroulnar joint is exposed and the sharp bony edge near the insertion of the ventral portion of the ulnar collateral ligament is removed. This is necessary to avoid damaging the ulnar nerve which lies close by. The radiohumeral and radioulnar joints are then exposed. Precision instruments, including guides, templates and reamers, are used to fashion the humerus to seat its component at the centre of rotation of the elbow (Fig. 1d) . The ulna is similarly prepared with special instruments. After a trial fit, both components are cemented into place and assembled. The extensor mechanism is then replaced over the olecranon and secured by non-absorbable sutures (Fig.  2b) . The elbow is supported in a plaster slab at 40° flexion for ten days. Passive flexion exercises using a continuouspassive-motion splint are started for five days but should not exceed 90° in the first ten days. Thereafter a gradual increase in active flexion and full passive extension are allowed. The patient remains in hospital for a week and rehabilitation continues on an outpatient basis. We performed a retrospective clinical and radiological examination of 59 patients (65 elbows) who had received a GSB III elbow prosthesis between 1978 and 1986. At the time of the final follow-up, 24 patients (28 elbows) had died from unrelated causes but two of these (four elbows) had already survived for more than ten years and had been evaluated for inclusion in the long-term analysis. In addition, three had had their prostheses removed before ten years had elapsed, in two with post-traumatic osteoarthritis (PTOA) because of recurrent dislocation and in one with juvenile chronic arthritis because of disassembly and secondary deep infection. They are included in the complications. All patients who died before ten years had elapsed are also included in the discussion of the complications and revisions. Two patients, each with one prosthesis, could not be traced since they had emigrated a few years after the operation. At their last examination, one and five years following surgery, respectively, the results were clinically and radiologically excellent. The long-term results, concerning pain, mobility and radiological appearance, relate to 32 patients with 36 prostheses. The reported complications concern all 65 prostheses implanted between 1978 and 1986. The surgery was performed by the senior author (NG) in 24 patients and by a few other experienced surgeons in the remaining 12.
The mean follow-up of the 32 patients was for 13.5 years (10 to 20); 28 (22 women, 6 men) had rheumatoid arthritis (RA) and four PTOA (2 women, 2 men). The mean age of all the patients at the time of operation was 45.7 years (21 to 71); that of the female RA patients was 50.0 years (21 to 71), of the male RA patients 47.3 years (35 to 69), of the female PTOA patients 47.5 years and of the male PTOA patients 38.5 years. Of the 36 prostheses, 22 were on the right side and 14 on the left. Contingency analyses were used for pre-and postoperative pain and changes in the range of movement were assessed by Student's t-test. Figure 3 shows four cases of GSB III elbow arthroplasty in which the follow-up was for 11, 13, 15 and 18 years, respectively. Pain. This was graded as: 1) none or only occasional slight pain, not requiring medication; 2) moderate more or less constant pain, eventually requiring medication; and 3) intolerable pain (Table I) .
Results
Before operation, 77.7% of the patients complained of intolerable pain (grade 3) and this was the indication for surgery. Afterwards, 91.6% had none or only occasional slight pain. This difference was highly significant (p < 0.0001). The three patients who complained of pain after operation (grades 2 and 3) had RA and in two of them there were signs of loosening of the prosthesis. Range of movement. The improvement in the range of movement is shown in Table II. In the RA group the mean increase in movement was 37°; in the PTOA group it was 67° (p < 0.0001 for each group). The mean point of maximum flexion achieved after operation was 144° for the RA group and 141° for the PTOA group. The extension deficit was 28° in the RA group and 44° in the PTOA group. Complications. The three main complications were aseptic loosening, infection and disassembly. LONG-TERM RESULTS OF THE GSB III ELBOW ARTHROPLASTY VOL. 81-B, NO. 6, NOVEMBER 1999 Aseptic loosening. Of the 65 prostheses implanted, aseptic loosening was identified in three (4.6%). Two of these patients had been followed for more than ten years. In one, a 72-year-old woman with RA, there was insufficient cement. The humeral component was exchanged 11 years after the first operation and recemented with a satisfactory result. The second patient was an 84-year-old woman with RA who had had a GSB III prosthesis on each side. That on the left was still secure and painless after 15 years. The range of movement was from 50° to 135°. By contrast, on the right side, which had been operated on 14 years before, the surgeon had perforated the shaft of the ulna, despite which the artificial joint functioned well. The patient, however, had later to undergo bilateral knee and hip replacements and also revision operations on a hip and a knee. One shoulder was also replaced. These operations and her advanced age necessitated the use of elbow crutches. She then fell heavily on her right elbow and complained of pain ever since. All of these factors contributed to aseptic loosening of both components 14 years after the initial operation. The patient's poor general condition and advanced age contraindicated revision surgery and she has since died. The third case of aseptic loosening was found in a 56-year-old woman with RA. Unusually delicate bones required that the prosthesis be modified and the ulnar stem shortened. A complete envelope of radiotranslucency developed at three years with some scalloping of the ulna. The patient did not complain of pain and had a good functional result until she died at the age of 64 years. Infection. This occurred in four of the 65 elbows (6%). One superficial infection in a 63-year-old woman with RA healed after treatment with antibiotics. Three deep infections required removal of the prosthesis, which was the usual procedure in the earlier years, and the elbow was left as an excision. All three infections followed revision surgery; two of them are also mentioned among the disassemblies. There were no deep infections in the 36 cases with a follow-up of more than ten years.
The first deep infection occurred in a 70-year-old woman with RA. She sustained a fracture of the ulnar condyle two years after elbow arthroplasty. Osteosynthesis and a consequent disassembly required several further operations (vide infra). The second was in a 61-year-old woman with RA who suffered a fracture of the ulnar condyle during the initial arthroplasty. The bone was fixed by Kirschner wires and a screw, but problems with wound healing and necrosis of the triceps tendon necessitated a radical revision three weeks later. An infection developed and the prosthesis was removed. These two patients died within ten years of implantation of the GSB III arthroplasty.
The third infection occurred in a 32-year-old man with severe juvenile arthritis. The hinge joint of the prosthesis locked spontaneously in extension and disassembly of both components occurred. Revision surgery led to an infection and the prosthesis had to be removed (vide infra). Disassembly of prosthetic components. Disassembly of the prosthetic components was a fairly common complication in our early series and occurred in nine cases (13.6%). There were several causes, including inexact placement of the humeral component at the centre of rotation of the natural elbow and too extensive release of soft tissue. Two male patients, aged 33 and 38 years with PTOA, were engaged in heavy physical work. In one the prosthesis was removed leaving him with an excision arthroplasty, and in the other arthrodesis was performed, the only example of that operation in the series. The first patient was unhappy and a further revision replacement arthroplasty was carried out. This remains satisfactory seven years later.
A 79-year-old woman with RA suffered disassembly three years after arthroplasty following a fracture of the olecranon which failed to unite. After repair and reconstruction, the elbow has remained stable. The patient has since died from an unrelated cause.
Another 70-year-old woman with RA sustained a fracture of the ulnar condyle two years after surgery. Disassembly occurred necessitating revision surgery. Infection complicated this case and the prosthesis was removed (vide supra).
In a 32-year-old man, suffering from severe juvenile arthritis, the GSB hinge became locked in extension causing disassembly of the ulnar component when he attempted to flex the elbow. Revision also led to infection and removal of the prosthesis (vide supra).
In a 68-year-old woman with RA both elbows were replaced within two years of each other. After 18 years the hinge of the first elbow replacement locked because the components disassembled. The humeral component was exchanged for a locked hinge mechanism although it showed no signs of loosening. The result was classified as good clinically and radiologically.
A 46-year-old woman with RA developed syringomyelia with severe weakness of the triceps and bilateral dislocation of the shoulders. Disassembly of the elbow prosthesis followed. After reassembling both components the patient was satisfied, except for a considerable fixed flexion deformity. She died nine years later.
A 60-year-old woman with RA had removal of a loose GSB I prosthesis which had been implanted in the early 1970s. She was not satisfied with the excision arthroplasty and requested a repeat replacement. A new GSB III prosthesis disassembled six years after surgery, probably due to a slack triceps. We reassembled both components and the prosthesis worked well until her death four years after the last operation.
The last patient was a very active 42-year-old woman with RA. During strenuous activity, she disassembled the prosthesis because the hinge mechanism locked in extension, apparently because it did not have enough clearance. After the well-fixed humeral component had been exchanged, the elbow functioned well with a range of active flexion of 20° to 135°.
Several other revision procedures were required. A disrupted triceps was repaired by a secondary reefing in a 40-year-old woman with PTOA. A 53-year-old woman with RA had extension lengthening of the biceps and brachialis to improve an extensor deficit of 85°. Little gain was achieved. Both patients are free from pain and are satisfied with their function despite the major deficit in extension. The interfaces looked normal at 15 and 16 years, respectively, after surgery.
In a 68-year-old woman with RA, the humerus cracked during insertion and a displaced fracture of the ulnar condyle occurred at two weeks, requiring fixation with a small plate and screws. The result is clinically and radiologically good at 12 years except for a slight hyperaesthesia in the area of the ulnar nerve.
Postoperative hyperaesthesia occurred in the distribution of the ulnar nerve in two cases, both for minor revision, one to remove a sharp exostosis at the olecranon and another for bursitis of the olecranon. In summary, eight GSB III prostheses from a total of 65 implanted between 1978 and 1986, had to be removed or changed (12.3%). Three were removed for deep infection (4.6%), one for aseptic loosening (1.5%) and one for recurrent disassembly (1.5%). In three cases of disassembly (4.6%) the humeral component was replaced. All these patients are satisfied with the result. Two patients with aseptic loosening (vide supra) have not been reoperated on. One was an 80-year-old woman who lived in a nursing home and died soon after, and the other had no pain despite complete radiolucency, but without migration; she died three years later.
Discussion
Artificial replacement of the elbow is not a common procedure. According to a meta-analysis of the world literature between 1986 and 1992, 41 the incidence of complications was 43% (357 of 828 implanted prostheses). In view of the high rate of revision of 18% (151/828) after a mean follow-up of 55 months, it is perhaps not surprising that there are still reservations concerning elbow arthroplasty. In the last few years, however, progress has been made with a diminishing number of complications.
13,42-48
We have found only one report of the long-term results (>10 years) of the use of a sloppy hinge, 49 the CoonradMorrey elbow prosthesis. It is the only sloppy hinge which, like ours, uses a flange on the anterior wall of the humerus. The authors analysed 69 patients with 78 elbow prostheses operated on between 1981 and 1986. The most recent follow-up was performed at the authors' institution in 36 elbows and by a questionnaire and examination by a local physician in 42. Of the total, 46 elbows were followed for at least ten years. The mean duration of radiological followup was 9.6 years. The authors report a survivorship of 92.4% at ten years with 43 prostheses at risk; 13% had serious complications necessitating reoperation. They expressed some concern regarding the number of cases in which the high-density polyethylene bushes were worn (7% completely, 8% partially) but were satisfied with the clinical results. Another long-term study concerning the capitellocondylar prosthesis was presented to the AAOS meeting in 1999, with very good results at more than ten years (Ewald, personal communication) . This is a non-linked prosthesis which requires good ligaments. It is mainly used in rheumatoid arthritis.
The GSB III prosthesis belongs, like the Coonrad-Morrey prosthesis, to the group of sloppy hinges which have a clearance between the humeral and ulnar components. It allows movements similar to those of the normal elbow laterally as well as longitudinally and in rotation, 38 and therefore reduces the stresses on the interface. Unlike most other sloppy hinges, the GSB III prosthesis uses flanges resting on both condyles of the humerus. These distribute evenly the stresses acting on the extended elbow in a vertical direction and those on the flexed elbow in a dorsal direction, as well as in rotation. 36 This is one of the main reasons for preserving both condyles or, if they are missing, for reconstructing them by autografts. 50 The intrinsic stability provided by all linked prostheses, including the sloppy hinges, justifies extending the indication for artificial joint replacement to cases in which the ligamentous structures are defective and in which the articulating surfaces are more severely deformed or destroyed.
The series which we examined in our long-term followup was uninterrupted and two-thirds of the operations had been carried out by one surgeon. All had been followed up at our institution with the exception of two patients who had left the country relatively soon after the operation without indicating their whereabouts. All living recipients of the GSB III elbow prosthesis had a clinical and radiological examination at a mean of 13.5 years after surgery.
We also established the fate of the prosthesis in all patients who had died between 1978 and 1997. For this we used the last clinical and radiological data in our records. Two of the group of patients who had died had survived more than ten years after implantation of their prostheses, and their data were included in the long-term analysis. To obtain reliable information concerning the survivorship of the GSB III prosthesis, we felt it necessary to analyse all complications in both groups, including those who had died within ten years of the arthroplasty. We also included the eight patients with PTOA even although it is acknowledged that the results of elbow arthroplasty are better in RA patients in which the preoperative difficulties, as well as the physical stresses after surgery, are less than those in posttraumatic cases. Excluding the two young male patients with PTOA who had hard physical occupations, and whose disassembled prostheses required removal relatively soon after the initial operation, we found no major differences in the long-term results of the post-traumatic group compared with the RA group. The slightly greater loss of extension was probably due to the fact that six of the eight patients with PTOA had had previous surgery. The results concerning pain and range of movement of the 32 patients with 36 prostheses re-examined after more than ten years were satisfactory and were similar to our medium-term results published at an earlier date. 51, 52 Of special interest is the fact that we found only three cases of aseptic loosening, 4.6% of the whole series. This compares well with the meta-analysis of the world literature between 1986 and 1992 41 which showed an incidence of radiological loosening of 17.2% (humerus 12.1%, ulna 5.1%) after a mean period of 55 months. Our experience demonstrates the advantages of sloppy hinges in general and the GSB III prosthesis in particular. The cause of aseptic loosening in two of the three cases was insufficient cement covering of the stem, particularly the tip, and in the third case perforation of the ulna together with overloading of the prosthesis and a subsequent fall.
The rate of infection of 4.6% is also relatively low compared with 8.1% from the meta-analysis. 41 In comparison with replacement arthroplasty of other joints, the rate of infection for the elbow is still too high. In our series, however, no cases followed a primary procedure; all occurred after one or more reoperations for complications. The likelihood of complications occurring at the elbow is greater than for other joints, because of the thin soft-tissue coverage, the length of the lever arms on either side of the joint and its exposure to external forces. Lesions of the ulnar nerve occurred in 3% in our series, compared with 10.5% in the meta-analysis. We took particular care over the exposure of the ulnar nerve and its mobilisation without translocation in most cases.
In the early part of our experience with the prosthesis, we had encountered disassembly in 13.8% of our cases compared with 7.1% of instabilities and dislocations of unlinked elbow prostheses reported in the meta-analysis. The problem has now largely been resolved by the use of new instruments which allow more accurate location of the prosthesis with respect to the centre of the rotation of the normal elbow (Fig. 1d) , and with the availability of an ulnar component which can be lengthened by means of a special device (Fig. 1c) . Analysis of the causes of disassembly revealed unusual problems such as fracture of the olecranon or condyle, and insufficiency or paralysis of the triceps.
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